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Sex Chromatin
Chromosomes have been the subject of study throughout this century, and their existence is now common knowledge. Sex chromatin, on the other hand, has been known only within the last fifteen years, and its study is still regarded as somewhat of a specialty.
Whereas chromosomes can be studied only in cells which are dividing, sex chromatin is a structure of interphase. From a practical point of view, this places the study of sex chromatin at a distinct advantage, since there are always far more cells in interphase than are engaged in division.
The study of sex chromatin has proved to be of great importance, both for practical and theoretical reasons. About three people per thousand suffer from an abnormality of the X chromosomes, and the sex chromatin test provides an aid in the diagnosis of such patients which is simple and often indispensable. On a more theoretical level, the theory proposed by Lyon (1961 Lyon ( , 1963 about possible genetical implications of sex chromatin formation has given rise to speculations on the manner in which the X chromosome functions both in sex determination and in general.
Sex chromatin in mammals was first described by Barr & Bertram (1949) , who found a small body present in the nuclei of neurones of female cats but absent in neurones of male cats. This body was first called 'nucleolar satellite', but the name was changed to 'sex chromatin' when it was found that in many types of cells the body was not associated with the nucleolus.
A few years before Barr & Bertram's discovery, Smith (1944 , 1945 described a sex-differentiating body in the cell nuclei of the female spruce budworm, Choristonurea (Archips) fumiferana. This finding is of particular interest, since the spruce budworm is a member of the Lepidoptera, and in this group the female is the heterogametic sex (i.e. the female has a single X chromosome whereas the male has two). A similar sex difference was found in the silkworm, Bombyx mori (Frizzi 1948) , another member of the Lepidoptera. There is also evidence that sex chromatin may be present in female chickens (Kosin & Ishizaki 1959) , which are also known to be heterogametic. The relatively meagre available data on animals with female heterogamety so far indicate that conditions regarding sex chromatin are very different from those found in mamnmals.
In female cats, sex chromatin can be demonstrated in practically all tissues. Sex chromatin can be seen in other members of the Carnivores, e.g. dog, ferret and marten, as well as in hoofed animals (Artiodactyle) such as cattle and deer, and in monkeys. On the other hand, sex chromatin can generally not be demonstrated, or only with great difficulty, in rodents, such as rats and mice (see Barr 1963) .
Sex chromatin became part of human genetics in 1953, when Moore, Graham & Barr showed that it could be demonstratedinpreparations of human skin biopsies, including that of a hermaphrodite. Sex chromatin is present in a large variety of human tissues. Two sources which have proved of great practical value are cells scraped off the oral mucosa, and the polymorphonuclear leucocytes, in which a sex difference (drumstick) was found by Davidson & Smith (1954) . Sex chromatin bodies other 'than drumsticks are now often called 'Barr bodies'. When chromosome studies became available from 1959 onwards it became clear that there was a striking correlation between the presence or absence of sex chromatin and the number of Xchromosomes in the nucleus: sex chromatin indicates the presence of two X A Barr body is an intensely staining body, about one micron in diameter. It is most commonly situated at the inside of the nuclear membrane and is seen at the periphery of the nucleus in profile (Fig 1) . A smaller proportion of Barr bodies appear to be in other positions in the nucleus.
A proportion of cells from patients with three X chromosomes have two Barr bodies (Fig 2) . Patients, with four X chromosomes have cells with three Barr bodies and patients with five X chromosomes have four Barr bodies (Kesaree & Wooley 1963) . Clearly, the maximum number of Barr bodies in diploid cells is one less than the number of X chromosomes. The presence of an additional Y chromosome has no effect on this relationship.
Drumsticks occur inall types of polymorphonuclear leucocytes, though for practical purposes only those present in neutrophils are usually considered. A drumstick consists of a head, which is attached to the body of the nucleus by means of a thin filament (Fig 3) . The head of a drumstick has a diameter of about 1-5 ,u, and is therefore somewhat larger than a Barr body. In morphology, too, a drumstick differs from a Barr body, and this is clearly related to the different shapes of the nuclei of the respective cells. A neutrophil containing two drumsticks, from a patient with three X chromosomes, is illustrated in Fig. 4 . Such cells are exceedingly rare and this is undoubtedly related to the low normal incidence of drumsticks. Assuming that in a given XX tissue Barr bodies are present in 50 % of cells, the presence of double Barr bodies in XXX karyotypes may be expected to occur in 25 % of cells. Drumsticks, on the other hand,' are normally present in only about 3 % of neutrophils, giving an expectation of double drumsticks in 9 cells per 10,000. Cells with three drumsticks are even more rare, but they have been described in a patient with five X chromosomes (Kesaree & Wooley 1963) . It may be concluded' that the maximum number of drumsticks, like that of Barr bodies, is one less than the number of X chromosomes, but owing to the low incidence of drumsticks this maximum may be rarely, if ever, reached. There can no longer be any doubt that the original suggestion by Davidson & Smith (1954) , that drumsticks and Barr bodies are equivalent structures,, was correct. We may say that drumsticks represent sex chromatin in a morphologically distinct form, which reflects the highly specialized conditions in the nuclei of polymorphonuclear leucocytes.
The numerical relationship between Barr bodies, drumsticks and X chromosomes also leaves no doubt as to the correctness of the hypothesis, first put forward by Ohno etal. (1959) , that a sex chromatin body is derived from a single X chromosome. The results of experiments using autoradiography (German 1962 , Rowley et al. 1963 ) have provided visible evidence supporting this assumption, for they have shown that in any karyotype, any X chromosomes in addition to the first have an unusual pattern of DNA replication.
The hypothesis proposed by Lyon (1961 Lyon ( , 1963 postulates (1) that genes carried on such an X chromosome are inactive, (2) that paternal or maternal X chromosomes are inactivated at random in early embryonic life, and (3) once the decision is made, the descendants of each X chromosome will be like the parent. Therefore, as the embryo grows, patches of cells with inactive X chromosomes from the father will alternate with patches of cells with inactive X chromosomes from the mother. While a proper evaluation of this theory will require further experimental data, there can be no doubt that it has provided a con-siderable stimulus to our thinking on the genetic effects of the X chromosome.
Although the full significance of sex chromatin is not yet known, the findings have already proved of great practical value in medicine and allied subjects. The results of sex chromatin tests will generally give the first indication of the status of the X chromosomes in patients in whom an abnormality of the X chromosome may be suspected. Furthermore, the simplicity of the techniques has made it possible to screen large numbers of subjects and thus obtain estimates of the incidence of these abnormalities within the population. The survey of Maclean et al. (1964) on over 20,000 newborn babies has shown that the incidence of Klinefelter's syndrome at birth is about one in 500, the incidence of the triple-X condition is about one in 1,000, while the incidence of Turner's syndrome is of the order of 4 in 10,000. Similar surveys carried out on mentally retarded patients have revealed that the incidence of both Klinefelter's syndrome and the triple-X condition is higher among the mentally retarded than at birth, but this effect is not observed in Turner's syndrome. It is clear that if the techniques for sex chronxitin assessment had not become available, we would not have as accurate estimates of these abnormalities.
There can be little doubt that, both for their practical value and for their theoretical interest, studies on sex chromatin will attract increasing interest in the future.
